ABSTRACT. Mazar and Bronk Ramsey (2008) recently proposed that the Iron I/IIA transition in the Levant took place during the first half of the 10th century. In the first part of this article, we challenge their method and conclusions. We argue against the inclusion of charcoal in their model, which could lead to an "old wood effect." We also argue that in dealing with a transition date, all available data must be taken into consideration. In the second part of the article, we propose Bayesian Model I for the Iron I/IIA transition, which is based on 2 sets of data-for the periods immediately before and after this transition. Our model, along with the other 11 published Bayesian models for this transition that used only short-lived samples, agrees with the Low Chronology system for the Iron Age strata in the Levant and negates all other proposals, including Mazar's Modified Conventional Chronology. The Iron I/IIA transition occurred during the second half of the 10th century. In the third part of the article, we present a new insight on the Iron I/IIA transition. We propose that the late Iron I cities came to an end in a gradual process and interpret this proposal with Bayesian Model II. We discuss some problems in the methodology of Mazar and Bronk Ramsey that may have influenced their results. In particular, we discuss 1) the exclusion of data; 2) the inclusion of data (charcoal samples); and 3) show that even according to Mazar and Bronk Ramsey, excluding these samples position the late Iron I/IIA transition in the late 10th century. Finally, we present our own 2 Bayesian models for the Iron I/IIA transition.
METHODS
In dealing with a dating problem that involves a large number of radiocarbon results, and a debate that focuses on a time period that is brief, it is essential to engage a rigorous method for the inclusion and exclusion of data, since non-systematic selection of data can lead to different interpretations. In our previous studies on Iron Age chronology (e.g. Piasetzky 2003, 2006) , we worked with a clear set of criteria for accepting or rejecting measurements and with a simple and consistent procedure for interpreting the data:
• Due to the risk of the "old wood effect," only short-lived samples were included; • All available readings from loci safely assigned stratigraphically and well classified from the point of view of ceramic typology were incorporated; • Results of all laboratories were included; • The uncalibrated dates corresponding to a given stratum were checked for consistency by fitting to a constant. Only readings that are different by more than 5 standard deviations from the average of the other measurements in their group were excluded as outliers.
Abiding by these rules guards against describing results as "too high" or "too low" (Mazar and Bronk Ramsey 2008:171 for Hazor), labels that may hint at preconceived theories. It is difficult to identify such a method in Mazar and Bronk Ramsey's paper. Beyond their mathematical procedure, which we accept as legitimate (though not the only possibility), we disagree with some of their decisions of what to exclude from, and what to include in, their calculations.
UNJUSTIFIED EXCLUSION OF DATA
When one wishes to establish the date of transition between 2 periods, every piece of relevant information available must be used in the model chosen for the investigation. Mazar and Bronk Ramsey are aware of this when they write that: "... a more comprehensive study that will include all the available dates from this period (including all the Tel Rehov dates), may change the picture " (2008:179) . Below, we list data excluded by Mazar and Bronk Ramsey from their Bayesian model (of 3 phases: the Late Bronze and the span of the Iron I, the late Iron I, and the Iron IIA), which in our opinion, needs better justification. 1
A. Large sets of results from Tel Rehov and Tel Dor were omitted "since both were discussed in detail in the publications mentioned above" (Mazar and Bronk Ramsey 2008:161 has not yet been published. This is inconsistent with the rest of the article. The pottery of Hebron and Bethsaida still has not been published (Mazar and Bronk Ramsey 2008:171 ), yet Mazar and Bronk Ramsey include samples from these sites. D. We see no reason to exclude the important determinations for the bichrome, Iron I phase at Beth-shemesh (Finkelstein and Piasetzky 2007b; Sharon et al. 2007:27) only because a sample from a later phase at this site comes from an insecure context (Mazar and Bronk Ramsey 2008: 161) . E. We do not see the logic of including results from only 1 of the 3 Tell el-Hammah destruction layers. Why exclude the late Iron I samples as coming "from a small probe" and include other samples from similarly small probes? And why accept the determinations for the lower Iron IIA layer and exclude the readings for the upper Iron IIA destruction? F. Mazar and Bronk Ramsey exclude some of the Hazor determinations as being "too low," though there is no statistical-or archaeological-reason to do so.
PROBLEMATIC INCLUSION OF DATA: CHARCOAL SAMPLES INTRODUCE THE "OLD WOOD EFFECT"
Measurements that originate from charcoal samples may introduce the well-known "old wood effect" (Schiffer 1986; Sharon et al. 2007:5-6 for the case discussed here). This is especially so in multiperiod sites such as the mounds of the ancient Near East, where the inhabitants may have routinely recycled used timber for construction. In certain cases, a quick glance at a set of determinations that originate from charcoal/wood samples is sufficient for concluding that the samples repre-sent old wood. However, at sites characterized by dense stratigraphy, the reused wood may originate from a previous layer close in date to the one under investigation, which, taking into consideration the uncertainty in the results, is impossible to detect. In addition, in the case of long-lived tree species such as oak and juniper, the sample measured may derive from the inner rings of the tree, which may be significantly older than the date when the tree was felled. Therefore, 14 C dates of charcoal and wood can only provide a terminus post quem for the stratum where they were found.
Mazar and Bronk Ramsey include charcoal determination in their calculations and the consequence is indeed a bias toward older dates. Figure 1 , which presents the data in Mazar and Bronk Ramsey's Table 1 of Mazar and Bronk Ramsey (2008:162) , divided into short-lived (empty circles) and charcoal (black squares). The charcoal results are consistently and meaningfully earlier than the short-lived results. Finkelstein 1988 :100-1). Two of the samples provide dates in the early 2nd millennium BCE. The other dates too do not conform with any dating paradigm of the Iron I pottery at Hazor. The samples (most of them charcoal, but 2 are short-lived) were retrieved from Iron I pits that were dug into the thick destruction layer of Late Bronze Hazor. They probably originated from the previous stratum (see discussion in Sharon et al. 2007:5-6) . The date of destruction of Late Bronze Hazor is earlier than the terminal Late Bronze (Beck and Kochavi 1985) ; therefore, these samples should not have been included, even according to Mazar and Bronk Ramsey's method of mixing terminal Late Bronze and Iron I readings in 1 block of results.
The summary figures in Mazar and Bronk Ramsey (2008:173) perfectly demonstrate what has been said above. Their Model B, which includes "two phases with other additional data," produces 2 results for the Iron I/IIA transition (68% probability): 944-927 and 954-934 BCE (the latter after removing outliers). Not surprisingly, the same model excluding the charcoal provides a later date: 940-917 BCE (their graph B3). The same holds true for their Model C (2 phases with an overlapping late Iron I phase): 961-947 and 961-942 BCE with the charcoal samples; 948-919 BCE without charcoal (their graph C3). In other words, excluding the charcoal alone-without treating the other problematic exclusions discussed above-is enough to convert Mazar and Bronk Ramsey results to the Low Chronology for the Iron Age strata in the Levant, according to which the transition from the Iron I to the Iron IIA took place in the second half of the 10th century BCE.
ALTERNATIVE BAYESIAN MODELS

Model I
In Model I, we assume, with Mazar and Bronk Ramsey, that the Iron I/IIA transition was a shortterm event. In order to determine the transition date, Mazar and Bronk Ramsey (2008) use 3 sets of data: 1) for the end of the Late Bronze and "the span of the Iron I" (that is, the Iron I, not including the late Iron I); 2) for the late Iron I; and 3) for the "span of the Iron IIA" (that is, both the early and late Iron IIA). We think that 2 sets of data suffice-those that come from strata dated to the phase immediately before the transition and those that come immediately after it ( Figure 2 ; Tables 2-3 ; for a somewhat similar idea see Sharon et al. 2007 ): A) the late Iron I (for this ceramic phase see Arie 2006); B) the early phase of the Iron IIA (for this ceramic phase see Singer-Avitz 2004, 2006) . These 2 sets of data ( Figure 2 ) should give a more pinpointed and less biased result, as they leave out determinations for phases much earlier and much later than the transition under discussion.
Our model is based on our standard rules: We do not include charcoal, and we do not a priori exclude a sample as an outlier, unless it is more than 5  from the error-weighted average (see above) for the given stratum. If possible, we prefer to use samples from destruction layers; this reduces the risk of contamination, shifting of the original seeds/olive pits, or a mistake in the stratigraphic affiliation. • Megiddo. Samples were taken from the thick destruction layer of Level K-4 (= Stratum VIA of the University of Chicago excavations; Gadot et al. 2006 ). • Tel Keisan. Samples were retrieved from Stratum 9a, which was destroyed in heavy conflagration (Humbert 1980:20 • Tel Hadar. Samples were taken from a large quantity of charred grain found sealed under a thick layer of destruction debris of Stratum IV (Kochavi 1998:470-1 ).
• Tel Hammah. Samples were collected from the destruction layer of the late Iron I stratum (Cahill 2006 ). • Tel Rehov. Samples were taken from a series of pits assigned to Stratum D-3-the last Iron I layer at the site (Mazar et al. 2005:208 ; see comments regarding the stratigraphy and method of data selection for 14 C analysis in Piasetzky 2003, 2006) . No destruction has been reported. • Tel Dor. Area D-2 Stratum 10-9; the samples came from a building that was abandoned rather than destroyed (Gilboa and Sharon 2003:33-4 ). • Tel Qasile. Samples were taken from the thick destruction layer of Stratum X (Mazar 1980:33, 46; 1985:127) . Altogether, the database includes 107 and 32 measurements for the late Iron I and early Iron IIA, respectively; they make 45 late Iron I and 8 early Iron IIA points in the "average uncalibrated date" columns. Similar to Mazar and Bronk Ramsey (2008) , the averages are weighted by the size of the laboratory standard error. In some cases, there were small, insignificant differences between our average dates and Mazar and Bronk Ramsey's; in those cases we adopted their values. The data were assembled from 13 strata at 11 sites; the samples were measured in 4 laboratories using 3 methods.
We performed Bayesian analysis using the OxCal program (Bronk Ramsey 1995 , 2001 ; the OxCal specifications of the model are available in the online version of Mazar and Bronk Ramsey 2008 ).
The Bayesian model for all the data in Tables 2-3 (Model I) puts the Iron I/IIA transition in 894-871 BCE (68% range) and 903-859 BCE (95% range) (Figure 3 ). But the agreement between the data and the model is poor (31%). The system signals 5 results that are especially poorly consistent with the full model. 3 These are HD2B and MG5 (too high) and R103, A1, and QS2 (too low). By removing them (for a similar process see Boaretto et al. 2005; Mazar and Bronk Ramsey 2008) , one can improve the overall agreement to 82% (Figure 4 ). This process results in a transition date of 915-898 BCE (68% range), or 927-879 BCE (95% range). The robustness of this model is noteworthy. First, extending it to include the early/middle Iron I and the late Iron IIA, results in a similar transition date. Second, without removing any data from the model the date of the transition is even lower than the final result. Third, removing more points than we propose increases the agreement between the data and the model, but does not change the result. All this means that reasonable changes in the database would not result in an Iron I/IIA transition in the first half of the 10th century BCE. Table 4 presents the results of all 12 published Bayesian models for the Iron I/IIA transition that use only short-lived samples. Eleven put this transition in the second half of the 10th century and one somewhat later. These results are in line with the Low Chronology (Finkelstein 1996; Finkelstein and Piasetzky 2003; Sharon et al. 2007 ), clearly negating all other theories-the traditional dating of this transition in ~1000 BCE; Mazar's Modified Conventional Chronology, which puts it in ~980 BCE (2005); and even Singer-Avitz's proposal (2004, 2006) to date the transition to the mid-10th century. a Gr = Groningen; RW = Rehovot; R = sample prepared in Rehovot and measured in Tucson; T = Tucson. AMS = accelerator mass spectrometry; LSC = liquid scintillation counting; GPC = gas proportional counting. b Three "fine charcoal" and 1 bone excluded. 
Model II
All models presented in Table 4 are based on the assumption that the Iron I/IIA transition was a relatively short-term event. In what follows, we present Bayesian Model II, which assumes a gradual deterioration of the Iron I cities (and thus, ceramic tradition). It is based on our recent observation that the uncalibrated dates of late Iron I destruction layers in 5 sites in the Jezreel Valley in northern Israel (and the date of a sixth site with no destruction layer) assemble into 2 groups, which show geographical logic (Finkelstein and Piasetzky 2007b;  Averaging uncalibrated results calls for an explanation. In the case of a destruction layer, samples found on the floors can be taken as representing a single event-the final hours of the settlement. It is therefore legitimate to average their results (in order to reduce the uncertainty of the results). Even if the original products had accumulated in the few years before the destruction, the difference in their age determination would be smaller than the uncertainty in their measurement. This is especially true in our case, in which the samples comprise of grain seeds and olive pits; they could not have been stored for more than 1 or 2 yr at the most. Even if stored in Year X, in Year X+1 the products would either be consumed (in the case of drought) or consumed and replaced by fresh crops (in the case of good yield). 4 Compared to the uncertainty in the measurements, the possible year or two in which the grain and olives were stored prior to the destruction event is negligible. 5 It is also safe to assume that in such a case the fluctuations in the atmospheric concentration of 14 C during the very short time are negligible.
The 2 groups described above are separated by 58 uncalibrated years, that is, 3.5 . The probability that they represent a single date is very low. Most likely, these data indicate 2 events, or better 2 clusters of events. In other words, the demise of the late Iron I culture in northern Israel was a gradual one.
Model II (Figure 6 ) describes this process (adding late Iron I strata along the coastal plain of Israel, one of which ended in a major conflagration). This model evaluates the dates for the gradual end of the late Iron I sites as well as the date for the beginning of the Iron IIA. Following the procedure undertaken by Mazar and Bronk Ramsey (2008;  explained in the discussion of Model I above), we have removed 6 data points that are not consistent with the model. These are the same 5 items removed from Model I plus Item R3C. This procedure resulted in an overall 64% agreement between the data and the model. To check the robustness of the results, we removed the next 2 data points, which are in poor agreement with the model. The agreement increased to 95%, but the results remained practically the same. Table 5 and Figure 7 present the results of Model II, compared to the results of Model I and to the straightforward calibrated (non-Bayesian) determinations obtained from the error-weighted average of the uncalibrated dates. The results of Models II and I are consistent with each other, as well as with the non-Bayesian determinations (third column); the small differences between them reflect the different assumptions behind the models and the uncertainties in them.
CONCLUSION
In dealing with a transition date, it is important to evaluate all available data, the model must be based on only short-lived samples, and a rigorous method must be deployed regarding outliers. Bayesian Model I presented in this work, as well as the other 11 published Bayesian models for the Iron I/IIA transition that used only short-lived samples, reached a date in the second half of the 10th century-in line with the Low Chronology for the Iron Age strata in the Levant. All 12 models assume a short-term transition event between the Iron I and the Iron IIA. Our Model II supposes a gradual deterioration of the late Iron I material culture rather than a sharp end. Model II also puts the Iron I/IIA transition in the second half of the 10th century BCE.
ADDENDUM
After this work was submitted for publication, we became aware of the fact that seeds from Tel Hadar have been tested in the course of the 5th International Radiocarbon Intercomparison (VIRI - Scott et al. 2007: Sample D) . They provided a more accurate uncalibrated date for the destruction there (2836 ± 3.3 1 ), which puts Tel Hadar close to the earlier destruction wave-in the western Jezreel Valley. This still leaves the end of the late Iron I as a process rather than an event, but it blurs the separation between east and west.
